The gamma quanta attenuation studies have been carried out to determine mass attenuation coefficients of 7041, 7075 and 7095 wrought aluminum alloys. The temperature dependence of linear attenuation coefficient, density and thermal expansion of these wrought aluminum alloys in the temperature range 300 K -850 K have been reported. The measurements were done by using a gamma ray densitometer designed and fabricated in our laboratory. The data on variation of density and linear thermal expansion with temperature have been represented by linear equations. Volume thermal expansion coefficients have been reported.
Introduction
Number of methods [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] have evolved for the determination of density and thermal expansion of solids at high temperature like Archimedean method, pycnometry, dilatometry, electromagnetic levitation, Method of maximal pressure in a gas bubble, method of sessile drop, hydrostatic weighing, high temperature electrostatic levitation and gamma ray densitometry. Thermal expansion studies on isotropic solids have been reported by several workers using X-ray diffraction [1, 2] , dilatometry [3, 4] , FabreyPerot interference method [6] and by other theoretical models [6] [7] [8] [9] [10] [11] [12] [13] . Density and Thermal expansion are fundamental thermo physical properties of solids. The study of temperature dependence of these properties is very important in understanding the temperature variation of other properties like elastic constants, refractive indices, dielectric constants, thermal conductivity, diffusion coefficients and other heat transfer dimensionless numbers. Thermal expansion of solids is of technical importance as it determines the thermal stability and thermal shock resistance of the material. In general the thermal expansion characteristics decide the choice of material for the construction of metrological instruments and in the choice of container material in nuclear fuel technology.
Aluminum [14, 15] . Recently the gamma radiation attenuation technique has been used to measure the temperature dependence of density of metals [16] [17] [18] [19] , alloys [20] [21] [22] [23] [24] [25] [26] [27] at high temperatures. It is desirable to study the thermophysical properties of new materials at high temperatures for their use in practical applications. There is no study on the temperature variation of thermo physical properties of 7041, 7075 and 7095 aluminum alloys and as such, in the present article, we report the
Substituting for α ρ from Equation (2) gives
which can be rewritten as 
where
The intensities of γ-radiation with sample I and without sample I 0 are recorded at every temperature. At room temperature T 1 , thickness of the sample l 1 is measured and using Equation (1) µ is determined. Further measurements of I and I 0 at different temperatures enable the determination of z by Equation (4) and hence x can be found from the solution of Equation (6) . From the value of x, mean linear thermal expansion (α l ) can be determined as a function of temperature.
Experimental
Density of a material can be determined by measured attenuation which is produced in a collimated mono energetic beam of gamma radiation. The thermal expansion of the material, change in density for a change in temperature can be determined by gamma ray densitometer. In order to carry out this work, we have designed and fabricated a gamma ray densitometer and a programmable temperature controlled furnace (PTC) which can reach up to a temperature of 1300 K in our laboratory. The experimental set up of gamma ray densitometer in our laboratory is shown in Figure 1 . The gamma radiation detector used in our study is a Sodium iodide-thallium activated detector. The 3 inch diameter and 3 inch thick crystal is integrally coupled to a 3 inch diameter photo multiplier tube (PMT). The PMT has a 14 pin base and can be mounted on two types of PMT preamplifier units. The one used in our study is a coaxial in-line pre-amplifier. The detector has a resolution of 8.5% for 137 Cs. The alloys studied in the present work were prepared by ingot metallurgy route. The alloys were melted in the air, in the induction furnace and cast iron moulds were used to obtain ingots. These ingots were subsequently homogenized at about 813 K and hot rolled to obtain 0.5 mm -15 mm thick plates. These alloy plates were precipitation strengthened by heat treatment (aging). The chemical composition of 7041, 7075 and 7095 alloys are given in Table 1 . The alloy sample was machined into a perfect cuboid with all the faces finely ground and polished.
temperature was repeated a minimum of nine times. The γ-ray counts were recorded while heating and cooling the sample. This procedure was repeated in the temperature range 300 K to 850 K for all the alloy samples.
Results and Discussion
The sample was firmly mounted on the flat stainless steel sample holder. The temperature of the sample was measured using a thermocouple sensor. A diffusion pump was then connected to the sample holder tube for evacuation. For inert atmosphere, argon gas was introduced into the quartz tube through the sample holder tube. Then the quartz tube assembly along with the sample was slid into the programmable temperature controlled (PTC) furnace and fixed at appropriate position ensuring a perfect alignment of sample with collimation on either sides. The PTC furnace was programmed in such a way that the furnace temperature is increased by 50 K in every step starting from 300 K above room temperature, and stabilizes there for a certain length of time. Measurement of gamma count rate from a 137 Cs through the sample (I) and without sample (I o ) were made at a series of equilibrium temperatures and recorded using a multichannel analyzer. Measurement of γ-ray attenuation counts at every step of The X-ray diffraction (XRD) patterns of these alloys are shown in Figure 2 . These XRD patterns confirm that the alloys are in the fcc phase.
The results obtained for the temperature dependence of the linear attenuation coefficient, density and the coefficient of linear thermal expansion of 7041, 7075 and 7095 are summarized in Table 2 . All the measurements are confined to solid phase only and the experimental data obtained in the present work have been fit to a linear equation of the form
Since the measurements have been made in the limited temperature range the coefficient of volumetric thermal expansion (CVTE) of all alloys was calculated using the equation 
α(10 −6 ) K 
The coefficient of temperature dependence of is respect solute temperature which is determined from Equation (8) . The variation of linear attenuation coefficient with temperature, the temperature dependence of the density and the temperature dependence of linear thermal expansion of 7041, 7075 and 7095 alloys have been shown in Figures 3-5 respectively. 
7041 Aluminum Alloy
The density of 7041 alloy decre kg·m −3 at 300 K to a value of 2589 kg·m −3 at 850 K a decrease of about 7.54%. The temperature dependence is a negative linear function of temperature. The density of 7095 alloy decre
kg·m at 300 K to a value of 2452 kg·m at 850 K, a decrease of about 15.16%. The temperature dependence of density is a negative linear function of temperature. For 7095 alloy the temperature dependence of density is represented by linear equation
The coefficient of temperature dependence of is 
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